Componential theories assume that emotion episodes consist of emergent and dynamic response changes to relevant events in different components, such as appraisal, physiology, motivation, expression, and subjective feeling. In particular, Scherer's Component Process Model hypothesizes that subjective feeling emerges when the synchronization (or coherence) of appraisal-driven changes between emotion components has reached a critical threshold. We examined the prerequisite of this synchronization hypothesis for appraisal-driven response changes in facial expression. The appraisal process was manipulated by using feedback stimuli, presented in a gambling task. Participants' responses to the feedback were investigated in concurrently recorded brain activity related to appraisal (event-related potentials, ERP) and facial muscle activity (electromyography, EMG). Using principal component analysis, the prediction of appraisal-driven response changes in facial EMG was examined. Results support this prediction: early cognitive processes (related to the feedback-related negativity) seem to primarily affect the upper face, whereas processes that modulate P300 amplitudes tend to predominantly drive cheek region responses.
Introduction
The concordance across emotion components, or, in more general terms, between activation parameters in central (e.g., brain activity) and peripheral response systems (e.g., facial muscle activity; autonomic physiology such as heart rate, respiration, or skin conductance) is one of the classic issues in psychophysiology research (cf. Fahrenberg & Foerster, 1982) . The large number of studies and critical reviews (e.g., Barrett & Russell, 1999; Burdick, 1978; Bush, Luu, & Posner, 2000; Engel, Fries, Konig, Brecht, & Singer, 1999; Grandjean, Sander, & Scherer, 2008; Hajcak, MacNamara, & Olvet, 2010; Harmon-Jones, 2003; Knyazev, 2007; LeDoux, 2012; Lewis, 2005; Morecraft, Stilwell-Morecraft, & Rossing, 2004; Olofsson, Nordin, Sequeira, & Polich, 2008; Scherer, 1988 Scherer, , 2000 Varela, Lachaux, Rodriguez, & Martinerie, 2001) underline the importance of research on this issue. Our aim Notes. FRN = feedback-related negativity. For the FRN and the P300 a Greenhouse-Geisser adjusted repeated measures ANOVA was performed each, with the within-subject factors of goal conduciveness (GC: win vs. loss vs. break-even), power (Power: high vs. low), and channel (FRN: Fz and FCz; P300: Pz and POz). * p < .05. *** p < .001.
that appraisal results 1 (central emotion component) drive or initiate the response changes in the peripheral components. This initiating input is the prerequisite of a subsequent coherent (concordant) emotional response. In the CPM, synchronization is used as shorthand to refer to the emergence of a coherent (appraisaldriven) response patterning among emotion components.
Hypothesizing a component patterning process, the CPM advances three central notions about the emotion process (Scherer, 2000 ; for more detail, see also Scherer, 2001 Scherer, , 2009 . (1) People appraise events by means of sequentially processed appraisal checks (so-called stimulus evaluation checks, which are novelty, intrinsic pleasantness, goal conduciveness, power, and norm compatibility). (2) The result of an appraisal check changes the state of each emotion component in the direction of what constitutes an adaptive response to the event (see Table 1 , Scherer, 2009, for detail) . For example, the appraisal result that an event obstructs a current goal may prompt a frown (see also Scherer, Mortillaro, & Mehu, 2013; Smith, 1989, for detail) . (3) The pattern of an emotional response is the cumulative synchronized result of all appraisalinduced changes in the emotion components, realized through ensuing feedback-feed-forward interactions between these components .
The aim of the present study is to test the plausibility of notion (2)-the hypothesized prerequisite of coherence across emotion components-that is, whether appraisal (check) results drive the state changes in the emotion components. In particular, we tested whether the modulations of ERP components related to experimentally manipulated appraisal checks of goal conduciveness (motivational valence appraisal) and power (personal ability appraisal) drive the response changes in the facial expression component. The appraisal checks were manipulated in a gambling task during which we recorded simultaneously brain activity (ERPs) and facial muscle activity (electromyography, EMG; frontalis, corrugator, and cheek regions) to address this question.
Concordance within and across emotion components
Componential emotion theories provide little explanation about the mechanisms that can explain how the appraisal component relates to the other components and how appraisal information is integrated in each component. Appraisal theories have focused on the appraisal results that are central to particular emotions, but have rarely addressed the issue of how the information about the event is integrated within and across components (e.g., Ellsworth & Smith, 1988; Ellsworth & Tong, 2006; Kappas, 2006; Lazarus, 2001; Leon & Hernandez, 1998; Reisenzein, 1995; Roseman, 2004; Smith & Kirby, 2004 , 2009 Tong, Ellsworth, & Bishop, 2009) . Research that empirically investigated the appraisal process, as conceptualized by the CPM, repeatedly reported differentiated appraisal check effects in central and peripheral psychophysiological response variables (Aue, Flykt, & Scherer, 2007; Delplanque et al., 2009; Gentsch, Grandjean, & Scherer, 2013; Kreibig, Gendolla, & Scherer, 2010; Lanctot & Hess, 2007; van Reekum et al., 2004) .
The studies that focused on the appraisal check effects of intrinsic pleasantness (pleasantness/hedonic value appraisal) and goal conduciveness have found sequential and partly cumulative appraisal check effects in cortical brain activity , facial muscle activity (corrugator and the zygomaticus regions) and heart rate responses (Aue & Scherer, 2008 . Appraisal check effects in brain activity were interpreted to represent instances at which the appraisal process has achieved conclusive preliminary evaluations about an event. The CPM suggests that those instances contain sufficient information in order to drive the response changes in the other emotion components (see for details, Scherer, 2009) . Nonetheless, based on the results of these studies, no inferences can be drawn about how the appraisal results in brain activity relate to appraisal-driven response changes in facial muscle activity and autonomic physiology because the central and peripheral measures were not concurrently recorded. Thus, a direct empirical support for the synchronization hypothesis is missing, in particular, for the prediction that appraisal results drive the initial state changes in the peripheral components. For example, the CPM suggests that an appraisal result of goal obstruction that modulates an ERP component (e.g., a large negative deflection on the feedback-related negativity) is causally related to a goal obstruction effect over the corrugator region (i.e., increased frowning).
Furthermore, although a few studies have concurrently recorded participants' EEG and facial EMG responses to still pictures displaying emotional facial expressions (Achaibou, Pourtois, Schwartz, & Vuilleumier, 2008) , aversive scenes (Wangelin, Low, McTeague, Bradley, & Lang, 2011) , or to audio recordings of emotional words (Wexler, Warrenburg, Schwartz, & Janer, 1992) , these measures were analyzed and interpreted separately. Those concurrent recordings were used only to draw comprehensive conclusions from different response parameters and they fell short of investigating the coherence between the central and the peripheral measures. As a consequence, mathematical/statistical methods need to be identified that can be used to test the prerequisite of synchronization processes-the claim that (central) appraisal results drive the response changes in peripheral emotion components such as facial expression.
The present study
This study represents a first, exploratory step toward investigating the synchronization processes between two emotion components-the appraisal and the facial expression components. We investigated the cortical markers of the appraisal process in event-related potentials (ERPs) and the associated appraisal-driven changes in facial electromyography (EMG), which were concurrently recorded in response to feedback stimuli. We explored whether the appraisal result pattern, found in the ERPs, 2 similarly occurred in the facial EMG data.
Based on the appraised importance of a feedback stimulus such a stimulus can induce emotional state changes. In particular, presented in the context of a gambling task, the feedback stimuli manipulated simultaneously the information about the goal conduciveness check (motivational valence appraisal, i.e., whether the event is obstructive or conducive to reaching a current goal) and the power check (personal ability appraisal, i.e., whether one can act on the event in order to change the final outcome). The CPM assumes that emotion differentiation is produced by appraisal results (see Scherer, 2001 , for more detail). For example, the appraisal result combination of 'obstruction' and 'low power' elicits anxiety and worry; in contrast, the appraisal results of 'obstruction' and 'high power' prompt rage and hot anger (see Table 5 .4, Scherer, 2001) . Because the feedback stimuli manipulated only two and not all appraisal checks, we considered strong emotional states as unlikely to be induced. We rather expected low levels of anxiety/worry for feedback indicating 'loss and low power' and of rage/hot anger (e.g., irritation) for 'loss and high power'. For feedback designating 'win', we expected enjoyment/happiness to be elicited independently of the appraisal result of the power check.
Lagged time-series analysis is not yet sufficiently developed for coherence analysis in the range of milliseconds. This is mostly because the precise points in time at which an appraisal result causes a significant response change in the peripheral components are ill-defined. Therefore, an alternative approach had to be developed. Based on the results of the traditional ERP analysis, two brief time intervals where identified at which the feedback-stimuli processing has finished the (initial) evaluation of the stimulus (see, Gentsch et al., 2013, for details) . These time intervals correspond to two ERP components that are investigated in gambling tasks: (1) the feedback-related negativity (FRN) and (2) the P300 (Hajcak, Holroyd, Moser, & Simons, 2005; Pfabigan, Alexopoulos, Bauer, & Sailer, 2011; Sato et al., 2005; Yeung & Sanfey, 2004) . The FRN is a negative deflection occurring between 200 and 300 ms after stimulus onset, maximal over fronto-central channel locations. It is associated with nonreward processing: the more unrewarding or unexpected the event, the more negatively deflected is the FRN amplitude. The P300 is associated with different cognitive processes such as event categorization (e.g., Johnson & Donchin, 1980 , 1985 or context-updating (Donchin & Coles, 1988) . It is a positive deflection within ∼350 to ∼600 ms, maximal over parieto-occipital channel locations. The distinct timing, response pattern, and scalp topography of the FRN and the P300 amplitudes suggest that they were elicited by separate neural generators. These ERP components could represent distinct (central) markers of the goal conduciveness and the power checks.
In order to investigate the plausibility of the prediction of the CPM that appraisal results drive the responses in facial expressions, principal component analysis (PCA) was used. Appraisal results in FRN and P300 amplitudes were regarded as first conclusive evaluations of the feedback stimuli. If appraisal results are correlated with modifications in facial expressions, the FRN response pattern should form subsets with at least some of the 100-ms time bins of the continuous facial EMG data; that is, the FRN and a facial region should load on the same principal component. For example, according to the componential patterning theory of the CPM (see Table 1 in Scherer, 2009) , goal conduciveness check results predominantly affect the brow region. Because goal conduciveness check effects were found on the FRN, the FRN and the corrugator region should load on similar principal components, if the prediction of appraisal-driven response changes holds.
Similarly, P300 amplitudes were expected to form subsets with the 100-ms time bins of the continuous facial EMG data. According to the componential patterning theory, power check effects drive primarily upper face and cheek region responses. Power check effects were obtained on P300 amplitudes. Therefore, we expected that the P300 measure, the corrugator, and the cheek region would load on the same principal components. At which time bins the ERPs and the facial EMG measures load highly on the same principal component, was explored in the present analysis.
Methods
Given space limitation and the complexity of the experimental set up, a detailed documentation of the experimental task, data acquisition and data analyses of the ERPs 3 and the facial EMG can be found in the supplementary material section. Below, we present the most essential information to describe the present analysis.
Participants
Twenty-four female students from the University of Geneva took part in the experiment. They ranged in age from 18 to 30 years (M = 21.42, SD = 2.13) and they were all right handed (mean of Edinburgh Handedness Inventory = 81.26, SD = 15.52). Participants were paid for their participation (25 CHF of guaranteed money and the bonus money they have made in the gambling task).
Experimental task
Participants played a monetary gambling task. Their task goal was to maximize the amount of bonus money they could win. They were instructed to guess under which of the three circles the win was hidden (see Fig. 1 as an example of a gambling trial). Immediately after they had chosen a circle, the feedback stimulus was presented in the center of the circle. The feedback stimuli (geometric shapes with gray or black fill) simultaneously manipulated the information about the goal conduciveness (outcome: win, loss, or breakeven) and (2) the power checks (free vs. no choice to decide about the outcome), resulting in six feedback-stimuli conditions: (1) win high power, (2) win low power, (3) loss high power, (4) loss low power, (5) breakeven high power, and (6) breakeven low power.
Principal component analysis
In order to explore whether the appraisal pattern in the ERPs comparably occurred in the facial muscle activity responses, we used PCA. In view of the prediction that appraisal results drive facial expressions, we tested the response pattern similarity (concordance) between the ERPs and the facial EMG for each of the Table 2 Results of repeated measures ANOVAs on the facial EMG data.
Frontalis region
Corrugator region Cheek region Notes. N = 24. For each muscle region a Greenhouse-Geisser adjusted repeated measures ANOVA was performed with the within-subject factors of goal conduciveness check (GC: win vs. loss vs. break-even), power check (Power: high vs. low), and time (Time: 14 post-stimulus 100-ms time intervals). *** p < .001. † p < .10.
subsequent 100-ms time bins of the facial EMG data. PCA is a multivariate statistical technique that can be applied to a set of variables when the aim is to discover which variables in the set form coherent or correlated subsets that are relatively independent of one another (Tabachnick & Fidell, 2007) . For example, if the FRN and the corrugator region form a coherent subset, they would load on the same principal component. A clear advantage of PCA is that multiple correlations between the ERP and the facial EMG measures are reduced to one PCA for each of the subsequent time bins. The examination of coherent response subsets between the ERP and the facial EMG measures started with the time interval of the ERPs at which the first appraisal check effect was found, that is, ∼200 ms after feedback onset on FRN amplitudes. Because the FRN and the P300 were considered as instances of preliminary appraisal results that drive the efferent effects, the ERP measures (i.e., FRN, P300 at Pz, and P300 at POz) remained the same for each PCA that was calculated for each of the 100-ms time bins of the facial EMG data. As facial component measure, starting from 200 ms after feedback-stimulus onset, the mean amplitudes of each of the 13 subsequent 100-ms time intervals (frontalis, corrugator, and cheek regions) from the facial EMG data were submitted to a PCA. For example, to test whether the ERPs have driven the facial EMG responses at 400 ms after stimulus onset, the following mean values, averaged across all feedback conditions, were submitted to a PCA: (a) FRN, (b) P300 at Pz, (c) P300 at POz, (d) corrugator activity, (e) frontalis activity, and (f) cheek region activity at 400 ms. For each time bin of the facial EMG data the same PCA procedure was applied: the mean values of the ERPs remained the same and the mean value of each facial region of the facial EMG data of a particular time bin were used.
The principal components were extracted from the data's correlation matrix and then Varimax rotated. The number of retained components was determined according to the rule of Eigenvalues > 1 and the scree plot (Cattell, 1966) . Similarly, PCA was applied to study whether different psychophysiological measures show a valence and arousal structure (cf. Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Lang, Greenwald, Bradley, & Hamm, 1993) . All statistical analyses were calculated in IBM SPSS Statistics 19.
Results

ERPs and facial EMG
The results of the repeated measures analyses of variance (ANOVA) on the ERPs and the facial EMG are summarized in Tables 1 and 2 . As can be seen in Table 1 and the response pattern are in detail reported in the supplementary material, we found that the FRN was solely sensitive to the goal conduciveness check manipulation (i.e., "goal dependent reward processing") and insensitive to the concurrent power check manipulation (Gentsch et al., 2013) , which is in line with previous gambling task studies. On P300 amplitudes, we obtained parallel main effects of the goal conduciveness (motivational valence effect) and the power checks (resource-investment effect) as well as a monetary magnitude effect. The result corresponds to the idea that P300 amplitudes reflect an activation of elements in an event-categorization network, controlled by a combined operation of attention and working memory (Kok, 2001) .
In contrast, in the facial EMG, time intervals at which the processing of an event has driven a peak-like response are difficult to identify. The continuous averaged EMG signal is usually arbitrarily subdivided into smaller time bins (e.g., 100-or 500-ms intervals) and the mean amplitudes in these time bins are calculated and analyzed. In the facial EMG, we found that the corrugator region was sensitive only to goal conduciveness check effects, whereas the cheek region yielded an interaction effect of the goal conduciveness and the power checks. The analysis and the results of the facial EMG data are reported in detail in the supplementary material section.
Visual examination of response coherence
In order to examine visually whether appraisal check patterns in the ERPs would similarly emerge in the response patterns of the facial EMG, for each measure, we plotted the continuous grand-averaged data for the 1.4-s long post-stimulus interval. In Figs. 2-4, the continuous grand-averaged ERPs and facial EMG data are illustrated separately for the main effects of the goal conduciveness and the power checks as well as their interaction effect. In the ERPs, the time interval of the goal conduciveness check effects on FRN amplitudes is highlighted at the averaged fronto-midline channel location. Likewise, the time interval of the appraisal check effects on P300 amplitudes is highlighted at both parieto-occipital channel locations.
We scrutinized the data whether deflections of FRN and P300 amplitudes would similarly occur in the facial muscle activity responses. When response patterns of FRN or P300 amplitudes reoccurred in the continuous facial EMG data, these time intervals were highlighted and labeled accordingly (Figs. 2-4) . The goal conduciveness check effects on FRN and P300 amplitudes are similar to the effects in corrugator activity between 400 and 1400 ms after feedback onset, whereas the power check effects on P300 amplitudes look similar to the corrugator (600-1300 ms) and cheek region activity. In particular, cheek region activity seems to resemble P300 amplitude effects between 200 and 500 ms, whereas an inverse activity pattern emerged between 800 and 900 ms. The combined effects of the goal conduciveness and the power checks on FRN amplitudes are comparable to frontalis activity at 200 ms and corrugator activity at 400 ms. In comparison, the interaction effects on P300 amplitudes seem to have driven cheek region activity (300-500 ms after feedback-stimulus onset). This visual examination suggests that it is worth searching for coherent response subsets between the ERP and the facial EMG measures. Taken together, goal conduciveness check effects on FRN amplitudes appear to have cohered predominantly with muscle activity of the upper face, whereas effects of the power check on P300 amplitudes may have cohered highly with muscle activity over the cheek region.
Principal component analysis of response coherence
The principal component loadings across the 13 subsequent time intervals are shown in Table 3 and Fig. 5 . In these time intervals, the number of extracted principal-component solutions Pz P300 effects similar to P300 effects opposite to P300 Fig. 3 . Temporal profiles of power check effects in feedback-locked grand-averaged event-related potentials (ERPs) and facial electromyography (EMG). The ERPs are shown at the averaged channel locations of Fz and FCz, and separately for Pz and POz (left side). In the ERPs, the time intervals of the feedback-related negativity (FRN) and the P300 are highlighted. In temporal profiles of the EMG (stacked on the right side, showing the unfolding of muscle activity over the frontalis, corrugator, and cheek regions), time intervals that show a pattern similar to the P300 amplitudes are highlighted in black frames. Note that a similar pattern, found on the FRN, did not emerge over the facial muscle regions. Table 1 ). The PCAs revealed two-and three-principal component solutions over time. Lower: Instances of a gambling trial (onsets of feedback stimulus, black screen, and response screen: RT = reaction time; A = accepting; R = rejecting), including presentation times.
Table 3
Results of the principal component analyses on the psychophysiological appraisal measures on each 100-ms time interval after feedback stimulus. varied between two and three, indicating two to three largely independent response patterns among the measures.
Two-principal-component solutions
Two distinct loading patterns occurred in the time intervals of two-principal-component solutions (Fig. 5): (1) the P300 measures and the cheek region loaded consistently high on Component 1, whereas the FRN, frontalis, and corrugator regions showed similar high loadings on Component 2 (500-700 ms and 1100-1300 ms). In addition, on Component 2, the FRN loaded in opposite direction than the frontalis and corrugator regions which is consistent with the response characteristics of the FRN (i.e., feedback-related negativity and "facial muscle positivity"; cf. Hajcak, Moser, Holroyd, & Simons, 2006) . It may be reasonable to infer that in these time intervals, the P300 measures have predominantly driven cheek region response changes, whereas the FRN might have primarily driven upper face response changes.
In contrast, at 900 ms: (2) the corrugator region loaded negatively on Component 1, whereas the loading pattern of the P300 measures and the cheek region was similar to the other time intervals. Moreover, on Component 2, the FRN and frontalis region showed opposite loading patterns in comparison to the other time intervals. It seems that at 900 ms the coherence between the P300 and the corrugator region as well as between the FRN and the frontalis region has (briefly) changed.
Three-principal-component solutions
In the time intervals of three-principal-component solutions (200-400 ms, 800 ms, and 1400 ms) four distinct loading patterns emerged. In general, across these time intervals, the P300 measures loaded repeatedly with high magnitude on Component 1, whereas the frontalis and corrugator regions loaded highly on Component 2. In comparison, the FRN and partly the cheek region loaded highly on Component 3. While the loading pattern of the P300 measures and the corrugator region were relatively stable across these time intervals, the loading signs and magnitudes of the FRN, frontalis region, and cheek region varied.
Specifically, when the FRN loaded singly on Component 3 (at 200 ms, 1000 ms, and 1400 ms) it had a positive loading. The FRN had a negative loading only when it loaded to a similar extent with the corrugator region on the same component at 800 ms or with the cheek region between 300 and 400 ms. The negative loading appears plausible given the inverse response patterning of FRN amplitudes and facial EMG.
Furthermore, the frontalis region loaded repeatedly with similar magnitude on the same component with the corrugator region (200-400 ms, 1100 ms, and 1400 ms) suggesting that these facial regions formed a coherent response pattern. Only at 800 ms, they loaded on different components: the corrugator region loaded highly with the FRN on Component 2 and the frontalis region loaded singly on Component 3. This result suggests that around 800 ms after feedback-stimulus onset appraisal results are differentially correlated with facial muscle activity changes of the frontalis and corrugator regions in comparison to the other time intervals that have revealed a three-principal component solution.
The cheek region loaded to a similar extent with the frontalis and corrugator regions once (at 200 ms) suggesting a brief coherent response pattern of all facial regions. Subsequently, it loaded highly in opposite direction with the FRN, which indicates that the FRN might have driven the cheek region response changes between 300 and 400 ms. Next, it loaded highly with the P300 measures on the same component (800 ms, 1000 ms, and 1400 ms). At these time intervals, the P300 measures may have primarily driven cheek region responses.
Labeling of the principal components
The principal components were labeled on the basis of the response pattern in the measures and the hypothesized function that the loading pattern of these measures might represent (see Table 3 ). Across all time intervals, a component was labeled "integration of appraisal check information" whenever the P300 measures loaded on that component only. This is because the results in P300 amplitudes showed multiple main effects of the goal conduciveness check, the power check, and the monetary magnitude information of the feedback stimuli. However, when the P300 measures and a facial EMG measure loaded on the same component with similar magnitude, the component was labeled "efferent appraisal check integration". In contrast, a component was labeled "efferent effects of goal conduciveness check" each time the FRN and a facial EMG measure loaded with similar size because the FRN was solely sensitive to the goal conduciveness check information. Furthermore, a component was labeled "facial expression component" when all facial EMG measures loaded on that component to a similar extent. In contrast, a component was labeled "upper face component" whenever the frontalis and corrugator regions loaded on it with similar magnitude.
Did the ERPs and the facial EMG form coherent subsets over time?
The extent to which the appraisal pattern on the ERP and the facial EMG measures have formed a coherent subset, indicated by loading highly on the same principle component, is illustrated individually for the FRN and the P300 in Fig. 6 . Whenever the facial EMG measures loaded highly (more than ±.50, cf. Kaiser, 1974) on the same principal component with the FRN, the FRN and the facial EMG measures loaded in opposite directions. This effect is consistent with the (negative) deflections on FRN amplitudes. Only between 300 and 400 ms, the FRN and the cheek region showed high coherence. Consistently, between 500 and 800 ms, as well as between 1100 and 1300 ms, the FRN and both muscle regions of the upper face suggest high coherence. Solely at 900 ms, the FRN and frontalis activity had a coherent response pattern, excluding the corrugator region.
In comparison, the coherence between the response pattern of P300 amplitudes (given that the P300 measures loaded consistently with high magnitude on the same principal component across time intervals, their loadings were averaged in Fig. 6 , resulting in one curve) and the facial EMG regions suggests that between 500 and 1400 ms after feedback-stimulus onset, the appraisal pattern on P300 amplitudes similarly occurred on the cheek region. In contrast, the response pattern of the upper face seems to be unrelated to the P300 amplitude pattern.
Taken together, although some of the loadings of the measures on the principal components varied across time, the subsets of the psychophysiological measures showed a systematic loading pattern on the extracted principal components. In particular, the results suggest indeed that FRN amplitudes might have predominantly driven upper face responses and P300 amplitudes might have driven cheek region responses. The results support the hypothesized prerequisite of synchronization processes among emotion components-that appraisal results primarily determine the response patterning of facial expressions.
Discussion
The CPM not only makes a causal prediction about appraisal check effects on emotion components, it also states that the components become synchronized in order to produce an adaptive Table 1 ). Lower: Coherence between the P300 (averaged across the channel locations Pz and POz; subsequent component in the ERPs showing main effects of all manipulated appraisal checks, the goal conduciveness check and the power check, between ∼340 and 600 ms after feedback-stimulus onset) and the facial EMG regions. The curve of the P300 represents the highest loading of the P300 measure on a principal component in each 100-ms time interval. The curves of the facial EMG measures illustrate the loadings on the principal component on which the P300 loaded highly (cf. reaction to events that are important to current goals. Synchronization (coherence or concordance) among emotion components refers to the process of complex feedback and feed-forward exchange, as well as the integration of the processed appraisal information. In this study, we aimed to explore the plausibility of the prerequisite of the predicted component synchronization processes, that is, that appraisal results drive facial responses. Therefore, as a first step, PCAs were used to examine whether the response pattern on the ERP amplitudes (appraisal component) reoccurred in the facial EMG measures (facial expression component) over time. This approach was illustrated by using a data set of concurrent ERP and facial EMG recordings. In a gambling task, feedback stimuli were presented which simultaneously manipulated the information about the goal conduciveness (motivational valence appraisal) and the power checks (personal ability appraisal).
An indirect support for this predicted causality might be provided by the stable pattern of P300 measures loading consistently with high magnitude on the first principal component. The ERPs are thought to reflect (cortical and related subcortical) markers of the appraisal process. Furthermore, the P300 is associated with different cognitive functions; frequent ones are context updating (Donchin & Coles, 1988; cf. Olofsson et al., 2008) and event-categorization (e.g., Kok, 2001) . The fact that the P300 measures loaded repeatedly with high magnitude on the first principal component across time intervals-explaining most of the variance at these time intervals-might imply that the central processing of appraisal checks had a major impact in driving the response patterns in the facial regions; at least for the response changes over the cheek region (between 500 ms and 1400 ms after feedback-stimulus onset).
Coherent subsets of two to three principal-component solutions of the ERP and the facial EMG measures occurred between 300 ms and 1400 ms after feedback-stimulus onset (see Fig. 5 ). The twocomponent solutions suggest two largely independent response patterns: one that might be driven by the FRN and the other by the P300. In particular, from 500-700 ms and 1100-1300 ms, the FRN cohered highly with the upper face responses and the P300 cohered with the cheek region responses. The three-component solutions (200-400 ms, 800 ms, 1000 ms, and 1400 ms) point to three largely independent response subsets. While the loading pattern of the P300 measures and the cheek region was relatively stable, the loading pattern of the FRN and the upper face measures varied across the time intervals. The functional meaning of this finding needs to be further investigated.
At 900 ms a two-component solution emerged, distinct from the other two-component pattern, suggesting that the P300 measures may have briefly driven corrugator responses. Moreover, the coherence between the FRN and the frontalis region was (briefly) reversed contrasting to the other time intervals. To what extent this pattern is related to the preceding three-component solution (at 800 ms) has to be further investigated.
To summarize, the different subsets of the FRN and the P300 measures with the facial muscle regions suggest that response patterns of the upper face might have been primarily driven by appraisal results related to cognitive processes that elicit the FRN, whereas the cheek region might have been driven by appraisal results associated with cognitive processes that produce P300 amplitudes. This idea about possible underlying mechanisms is also consistent with the existence of different neural networks that innervate the upper face and the cheek region (cf. Rinn, 1984) .
Challenges of investigating concordance across emotion components
Overall, the generalizability of the results is limited because only two appraisal checks were manipulated in the experiment. Not manipulating the entire sequence of appraisal checks could have affected the extent of appraisal-driven response changes in facial muscle activity and also the degree of coherence (or concordance) between the appraisal and the facial expression components. Therefore, the measured appraisal process (in ERPs) and facial expressions (in facial EMG) constitute an operationalization and a fraction of the whole appraisal-driven synchronization process. Future studies should examine the importance of this limitation.
Using PCA does not provide information about the causal relationship between emotion components, but offers insight into coherent subsets of response patterns between ERP and facial EMG measures. Analytical methods remain to be developed or customized that can deal with dynamic time series data of central and peripheral psychophysiological measures which will allow a causal interpretation of the findings. For example, recent trends in neuroscience and computer science (e.g., development of granger-causality algorithms or machine learning methods) suggest promising perspectives for further empirical investigations of causality in synchronization patterns. Those analyses could help to specify the conceptualization of emotional response synchronization, as stipulated by componential emotion theories. Nevertheless, in order to identify, on a global level, subsets of coherent response patterns between central and peripheral psychophysiological (appraisal) measures, PCA seems to be a useful analytical method. The PCA procedure that we have used should be applied on other data sets of concurrent central and peripheral psychophysiological recordings to examine whether comparable subsets of response patterns will be extracted and to what extent these subsets are context dependent.
Investigating coherence between emotion components involves many challenges. Future studies and the advancement of analytical methods must consider that each emotion component has a specific temporal dynamic of integrating and exchanging appraisal information with the other components. Complexity is added by the fact that these dynamics are also context and individual specific. Future efforts will be therefore challenging at several levels.
For example, on the contextual level, it is likely that each experimental setup introduces different response dynamics in the emotion components and affects the integration of appraisal information between the components. On the interindividual level, considerable variability occurs between participants in their response specificity, as shown in central and peripheral measures (Birbaumer & Schmidt, 2003; Fahrenberg & Foerster, 1982; Marwitz & Stemmler, 1998; Rosenzweig, Breedlove, & Watson, 2005; Stemmler & Wacker, 2010) . Individual response variability has been addressed by procedures such as the calculation of percentage change scores relative to baseline or the normalization of the data.
Response specificity toward emotional stimuli is a highly researched area and it seems that some physiological measures show a more context-independent response pattern than others. For example, there is high convergence that facial muscle activity over the corrugator region reflects a linear pattern of motivational valence-the activity pattern is usually interpreted as the higher it is, the more negatively the participants have evaluated the stimulus (e.g., Achaibou et al., 2008; Bayer, Sommer, & Schacht, 2010; Cacioppo, Bush, & Tassinary, 1992; Dimberg & Karlsson, 1997; Lang et al., 1993; Larsen, Norris, & Cacioppo, 2003; Magnee, Stekelenburg, Kemner, & de Gelder, 2007; Witvliet & Vrana, 1995) . In contrast, in other psychophysiological measures-for example, heart rate responses, facial muscle activity over the cheek region, or brain activity-response variability between and within participants is larger. It is likely that for some psychophysiological measures the identification of response change coherence is more straightforward than for others.
To sum up, the results of the present study support the idea to consider ERP components as instances at which stimulus processing has achieved (first) results that might be sufficient to drive peripheral responses. The PCA findings particularly suggest that response patterns resulting from cognitive processes that produce the FRN may drive corrugator activity, whereas (other) cognitive processes that elicit P300 amplitudes seem to affect primarily facial responses of the cheek region. The findings therefore encourage research on the specification of the link between central and peripheral psychophysiological measures and they promote the idea that cognition may primarily drive-at the least-the initial emergence of response concordance across emotion components. The current study thus was able to contribute to the knowledge about the organization of response coherence (or concordance) between ERPs and facial EMG.
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